Purpose: According to current recommendations for adjuvant treatment, patients with colon cancer stage II are not routinely offered chemotherapy, unless considered to have a high risk of relapse based on specific clinicopathological parameters. Following these criteria, it is challenging to identify the subgroup of patients that will benefit the most from adjuvant treatment. Contrarily, patients with colon cancer stage III are routinely offered chemotherapy, but due to expected adverse effects and frailty, elderly patients are often excluded from standard protocols. Colon cancer is a disease of the elderly and accordingly, there is a large subgroup of patients for which guidelines for adjuvant treatment remain less clear. In these two clinical settings, improved risk stratification has great potential impact on patient care, anticipating that high-risk patients will benefit from chemotherapy. However, microsatellite instability is the only molecular prognostic marker recommended for clinical use.
Introduction
The question of whether to treat patients with colon cancer stage II with adjuvant chemotherapy remains among the most challenging questions in oncology (1) . Although approximately 20% of patients with stage II relapse after surgery, improvements in survival upon treatment with chemotherapy is very low for this patient group as a whole, and adjuvant therapy is not recommended as standard of care (2) (3) (4) (5) (6) . Rather, the choice of adjuvant therapy for the individual patient with colon cancer stage II is based on clinicopathological high-risk factors, including stage pT4 (invasion of serosal surface or adjacent organs), poor differentiation, lymphatic or vascular invasion, bowel obstruction or perforation, emergency surgery, incomplete tumor resection, and inadequate number of lymph nodes sampled (<12; 7). In a recent study by O'Connor and colleagues, reporting on a representative population of almost 25,000 patients with stage II (ages 65 years or older), as many as 75% of the patients were categorized with at least one poor prognostic feature (8) . No survival benefit from adjuvant treatment was found for this high-risk patient group. Furthermore, there was only a 2% difference in the frequency of use of adjuvant therapy between the high-and low-risk groups (8) . Accordingly, improvements to risk stratification continue to have great potential benefit for patient care in colon cancer stage II.
In contrast, adjuvant treatment of patients with colon cancer stage III is considered one of the greater success stories of gastrointestinal oncology (9) . This is due to a more than 10% absolute improvement in survival for patients receiving fluorouracil-based treatment, and another 4% by addition of oxaliplatin (3, (10) (11) (12) (13) . However, although standard protocols recommend adjuvant chemotherapy for all medically fit patients with stage III disease (6, 7) , only a little more than half of the patients reported by O'Connor and colleagues (57% of 18,185 patients with stage III) actually did receive such treatment (8) . This is consistent with previous reports of underuse of adjuvant chemotherapy (14) . In particular, the use of chemotherapy decreases with increasing patient age and comorbidity (8, 15) . Elderly patients are often underrepresented in clinical trials, hence there is little data on the trade-off between efficacy and toxicity (16) . However, it was recently reported that patients older than 75 years have a similar magnitude of survival benefit from fluorouracil-based treatment as younger patients (17, 18) . The high age of patients with colon cancer (40% are older than 75 years at the time of diagnosis) and the increasing life expectancy in general, therefore emphasize the importance of guidance of treatment options by improved risk stratification also for this patient group (16) .
Overview of gene expression-based prognostic tests
In contrast with anticipations, with the pioneering success in breast cancer (reviewed in ref. 19) , and despite the large number of proposed gene expression-based assays (overview in Table 1 ), clinical guidelines for colon cancer explicitly express that no multigene assays are currently recommended for use in risk assessment and determination of adjuvant treatment (6, 7) . This is a natural consequence of the lack of large prospective trials designed to evaluate their clinical value. Such trials are still considered the gold standard for evaluation of biomarkers, albeit with suggested alternatives to the conventional setting with randomized, controlled trials (20) (21) (22) . As evident from Table 1 and several previous reviews (23) (24) (25) (26) (27) , the main limitations of the proposed assays are small sample sizes and unsatisfactory or lacking validation in independent patient series.
However, changes are on the horizon. (36) . This is the first trial that has been specifically designed to assess the prognostic value of a gene expression signature in colon cancer. The trial has been designed as an observational rather than a randomized, controlled study. Although this is regarded to yield lower levels of evidence of clinical value, it exemplifies an agreement between feasibility and clinical relevance that can provide an adequate foundation for recommendations of clinical implementation (37) .
Clinical potential
Gene expression signatures are likely to be implemented in the clinic as supplemental rather than individual prognostic tests (19) . In stage II and III colon cancer, important factors to consider in this respect are the conventional clinicopathological prognostic markers, primarily the previously mentioned high-risk factors for stage II disease. Also, molecular subtypes should be taken into consideration. Following validation of prognostic potential in several studies (38) (39) (40) , microsatellite instability (MSI) status of the tumor is now suggested for clinical use in stage II (7, 41) . Patients whose tumors have a high level of MSI have a favorable prognosis and improved outcome seems to be confined to patients with stage II disease (42) . Gene expression-based tests for stage II colon cancer should provide prognostic information independent of these factors.
Most of the proposed prognostic gene expression signatures for colon cancer have focused on stage II, due to the unambiguous clinical potential for improved selection of patients with a high risk of relapse and higher expected benefit from adjuvant chemotherapy (Fig. 1) . GeneFxColon, OncoDefender-CRC, and ColoGuideEx have been developed specifically to identify patients with stage II and a high risk of relapse (30, 43, 44 (2) . The more ambiguous clinical potential of prognostic gene expression signatures for patients with colon cancer stage III has limited the number of studies with this focus. Considering that almost half the patients will be cured with surgery alone, it is clear that current adjuvant treatment standards result in substantial overtreatment (3). Still, clinical implementation of gene expression signatures to identify stage III patients that can safely be treated by surgery alone, has been deemed unlikely (29) . This will depend on confident identification of patients with low risk of relapse. Accordingly, clinical relevance is limited to subgroups of patients for which standard protocols do not apply, for example to elderly patients (Fig. 1) . Among the proposed gene expression-based tests, independent prognostic value for patients with stage III colorectal cancer has been successfully retrospectively validated for ColoPrint (n ¼ 62; ref. 46) and ColoGuidePro (n ¼ 107; ref. 31) . Although based on small sample numbers and further validation is needed, ColoGuidePro is the only test that has demonstrated prognostic potential in the clinically relevant subgroup of patients with colon cancer stage III that are 75 years or older.
Additional issues to consider for the clinical utility of prognostic gene expression signatures are technical issues about sampling procedures and methodologies for measuring gene expression. These technical issues have been a source of some variation among the proposed tests (Table 1) . Applicability to formalin-fixed, paraffin-embedded (FFPE) samples is in agreement with current hospital routines for sample processing. Tests that are applicable to FFPE samples, for example the Oncotype DX Colon Cancer assay, also have the advantage of availability of archived material for collection of large patient cohorts for retrospective analyses (33) (34) (35) . However, FFPE material commonly contains partially degraded RNA, producing less reliable gene expression measures compared with freshfrozen tissue (26) . Furthermore, the technology used for gene expression analysis has alternated between microarray-and quantitative PCR (qPCR)-based analysis ( Table 1) . The former has allowed for genome-wide analyses and the latter has been limited to preselected sets of genes. The diagnostic use of both technologies has been successfully established for prognostic assessment of breast cancer. Finally, pricing is also an important issue for clinical implementation. The cost of the Oncotype DX Colon Cancer assay is arguably high at $3,200. Still, cost-effective analyses have indicated cost benefit for patients with pT3 stage II colon cancer, when taking into account the concomitant reduction in use of adjuvant chemotherapy (48) .
In conclusion, several promising gene expression-based tests have been proposed for risk assessment of stage II colon cancer. The clinical implementation of these tests is still detained by insufficient validation, but this prospect has never been closer. Results from clinical trials are anticipated to provide the answer to which tests may aid in the persistent clinical challenge of identifying patients at high risk of relapse and accordingly, have expected larger benefit from chemotherapy. For stage III colon cancer, the decision against adjuvant treatment of patients with good prognosis is an ethically challenging implication of risk stratification. However, the use of gene expression-based signatures to determine the risk of relapse in elderly and frail patients, who are more vulnerable to chemotherapy, may present a valuable clinical advance. Also emerging as a likely scenario from the ongoing genome sequencing efforts is the combined forces of prognostication and companion diagnostics, to identify patients with high-risk stage II and III disease who may benefit also from targeted therapy. 
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